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The purpose of this study was to investigate the treatment effect of three
interventions on the disuse atrophy of rat hindlimb after two weeks suspension.
Forty-eight 11~12 weeks old female Sprague-Dawley white rats were divided into
four intervention groups: 1) suspension only (S; n=10), 2) intensive weight bearing
treadmill IWBT; n=10), 3) electrical stimulation (ES; n=9), 4) 2)+3) (ES/IWBT; n=9).
Another 10 rats received no intervention or hindlimb suspension and served as
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controls (C). After the interventions, 1) the cross—sectional area (CSA), 2) the ratio of
white muscle fiber composition (WMFC), 3) isometric tetanic tension (ITT), and 4)
muscle weights (MWs) were measured from the four calf muscle specimens. The
results were as follows: 1. In all intervention groups, the CSAs of medial and lateral
gastrocnemius (MG - LG), soleus (SOL), and flexor digitorum superficialis (FDS)
decreased when compared to the control (C) group (p<.05). The CSA increased in
FDS and LG for the IWBT group, in SOL for the ES/IWBT group compared to the
S only group (p<.05). 2. The ratios of WMFC in MG, LG, SOL, and FDS increased
compared to the C group for all interventions (p<.05). The ratios of WMFC decreased
in SOL and LG for the IWBT group, in SOL for the ES/IWBT group compared to
the S only group, and decreased in SOL for the ES/IWBT group compared to the
IWBT group (p<.05). 3. The ITT in the MG, LG, SOL, and FDS decreased compared
to the C group for all interventions (p<.05). The ITT increased in MG - LG/FDS,
SOL, and the whole calf muscles (WCMs) in the IWBT, ES and ES/IWBT groups
compared to the S only group (p<.05). 4. The MWs in MG - LG/FDS, SOL, WCMs
decreased compared to the C group for all interventions (p<.05). The MWs increased
in MG - LG/FDS and WCMs for the IWBT group, in SOL for the ES group, and in
SOL for the ES/IWBT group compared to the S only group (p<.05). 5. In atrophied
muscles, the IWBT group showed the best recovery and the ES/IWBT and ES
groups followed in decreasing order. The most susceptible muscle to disuse atrophy
was the SOL. But conversely, it showed the best recovery in the ES/IWBT group.

After two weeks of hindlimb suspension, the calf muscles of rats atrophied and
their 1isometric tension decreased. These changes were best reversed by
hindlimb—focused treadmill activity. The next best results were achieved by electrical
stimulation combined with the treadmill followed by only electrical stimulation. These
findings indicate that full weight bearing treadmill activity alone or in combination
with electrical stimulation are effective treatments for non-weight bearing induced
muscle atrophy. Further study of the effect of different intensities of electrical
stimulation and variations in the duration period of full weight bearing treadmill
activity on disuse atrophy is recommended.

Key Words: Disuse atrophy; Electrical stimulation; Intensive weight bearing;
Suspension; Treadmill.

I. & S o]&ste]  AxEHURJasperset  Tischler,
1984; LeBlanc &, 1985, Morey-Holton ‘s, 1979;
Templeton 5, 1984). %7] ATollA wo] A&
Holxl 242 Mgt 14 (Boothe} Kelso,
1973), €214 (nerve resection)(Tomanek®} Lund,
1973), #4d ¥ mHMax &, 1971) £+ 14
Al (tenotomy) (LA A &, 1995, AZ= &,
1993; Magolis®} Baker, 1983; ) Sol <34
- tElE A ZA7IE BHeT HEY B

A Z= 73 (weight bearing)E <59 T*%
ot 7lss #FAs fg T A5 F
sl}o] th(Hauschka 5, 1988). #FHsle] &
84L 5 skimmobilization) & &3t AEA|
A7} glo] F&ES o= AW 7)x3 2y
(ground-based modeD)Z} AFAA §lo] A=

& SZAo] 7le3k F7Hr(spaceflight) %

,18,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

Morey-Holton(1979)°l 2] &} A —"{}Q
S WMo R, FHo st s
|Hol wnpete] ©hx] I E Txﬂv
HEoH, HEAR FEst A
2A AFAA flel sivel s ArE
A 2HolA 3THOhira &, 1992, Thomason¥}
Booth, 1990).

Al e FEstel A ol AAT A

X e
N0

¢

o e g 2 g
[0
i)
o
o
it

_E
°

‘{
I

o A Y 599 F 9 (recruitment)
gl 955 YeEWtHBooth, 1982; Canon

S, 1998; Fell &, 1985b; Jaspers®} Tischler,
1984; Stevens &, 1990;
1984; Witzmann &, 1982). At
W sho| A= AwA] T (gastrocnemius), 7FAHY]
Z(soleus), 717}y 3] (extensor digito-
rum longus)ol| <+ FA¢F Hu THAF HE
9 ZAE Yebd g (Witzmann 5, 1982). &
skt " RddA 25 WY Af
(fiber type) HAFA A2 &40

WS Beled, F59Ecdl ®ol =4

Templeton %,

=3,

3t =¥ A= HAMZSA Fr(slow-twitch
type I fiber)Eo] W& dF WYL HAH
(fast- twitch type I fiber)®.t} @& 3

S W=tta s tHFitts 5, 1986; Hauschka
S, 1988, Klitgaard 5, 1989; Musacchia s,
1983; Roy &, 1987, Taylor &, 1992).

McDonald$} Fitts(1993)= sichg] &
ZhApu) el WstE ARG AT A '573/‘3

33 Aol ¢A 7H(half-relaxation  time:
IRT)e] ZAadE wvd HYg v &%

(maximal velocity of shortening: Vo)¢} W]

22 W& (myosin expression)e] %¥& F7}
sttt BauEdohDiffe 5, 1991; Fitts
5, 1986; Gardetto &, 1989). H3k Alley<}

Thompson(1997)2 o] &g+ AZF {512

2] .0
LA

4 2 7%l WEE fuatin s
417 B PR I FHOR of

4 744 s ws, 58 geAsn b

M ol FHo| Wgste] UAAE 4

v S ES o FA9 g9 waa
ojg wksl E4o] WA TH(Grindeland 5,
1985, Hikida %, 1989). o]# 3 E&4 &+ F
Al ] 2 ot el o] oF WA
shed], =9 a9 LIRS LR 8
e HA-Y sAA WHstE A UE
FtH(Goldberg 2} Goodman, 1969; Goldspink,
197D, 2L s AR e, S
o AEH G FHRF 55 ZAHIL, F
Aol A Tl’}’\‘]l% Asshes B F

o] W37t Yely A @ oh(Hikida 5, 1989).
< Y&y F 9L vAT
Qrol a1 e Fok wAH
7+s o = ATy 374

AGE dAdHow Jedkx] &
aerR FEAT AT 0]

ool FAlFH-ste ojFow FRky =
|4 < A5 = S5 diste] AldE oA
a M‘:‘r(Alleyﬂ- Thompson, 1997; LeBlanc %,

/\/\]O

34,

Lo

JE
2.
Q
=
S

gravity) 2+7
ok ey
Qkel A £}

~
7

o
o

EY

2% Be o

O{N it 44 r2

1985). Atte] d5+= oo AFHFIE A
7ste]l FATHE dEHE whEo] vl 2
HES At o FAY E4S FHrzl
o FF5s W g=2A4 #de A&
3g3st7] wiEol & Wl WA yjHely
Al el o] 3uk-S-(catabolic response)g =
dale Wl DPEDH]aSperSQ]r Tischler,

G wde FEY we
2 e HoEA, B0
Sk wAHAE A% A e=

el Al € tH(LeBlanc
5, 1985)
g ¢ Fo el d4dES 94
AANE B Fo g A4S Hol=d, A
o W

of oF Welh Wy olEe Age
A F

HdE Q3 FAVIE 8= dte A g
A NS RolE woEdA FASHA W
Bl t(Alley®t Thompson, 1997; Mercier

,19,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

5, 1999).

g FA7] T AEEE durERl =4
Ax W " 755 distr] 9% &
A7bs 5, & A5S dWetr] 9 A
712 AR, B35S AAGI] A% 241
A2, AIANAAFR E(TENS), 5% 53
ue AAE fFAS7] S AAla Aol
(Basford, 1998). 53] 3}A|&7 3ol Al &
*9] 75 g FAS A ATAA FHS
FTas Exs Uy Fo shvelth 1Ev
FAEANA Hd FAY TS mE HAY F

A& glold & EE X 5AM oA AFE-H]
o= Ame TR, W%, 7|3 AR digh
< ofx AgsHA AW oA A
t}(Alley 9} Thompson, 1997; Appell, 1990).
=59 7}AA (plasticity) S <73 Buller
1960)2 <52 AlAA el wep o A
& Holw, A

olo
= /\}]\'

fl

o2
2
o
2

| dge T s

N, Ho o
=2,

(instruction)” 2. &

o) 8

o fo o
g

oft &
o
o .
Mo of,
2 o

9,

SREX S
Ado] the
S Qa #ge o of
A3 a $EAAA
ol g =, 4]

Rk

2ol o b
i o o

2 nx

W o
o,
e
offt
[
do

o
HU_]

o
O

i Jo

o2 (o ox 1o W
S )
Z

=ty

o2
2
rol
2
=y
2
52
o

o)
offt
",
oM,
=
N
R
41
3
(N

I P = I S R

t}(Eken®} Gundersen, 1988; Gorza %,

1988; Lomo &, 1974).

Sebille¥} Bondoux—Jahan(1980)& #
|

AAT ARRE wEFD A5 3

>,
e

il
32 Y

Ho
lo,
!
i
i

N

I

>

[

R

Jot
4z

]_

el
27
ul A
b i |

—_—

ol

t&E3tgtta Skqltt o] THE S
Pachter$} Eberstein(1983)¢]

H 259 AriAsE F9,
A ZEA Y] T ol A
& (fold) 9] %<1 4 (postsynaptic)

sl w3k Schimrigk

(19712 A7|AF o] &+ SFolA AA AA
olde fal aHE AAs AERE dF

(synapse)S @A st} )it}

7
A

=
L

—L
.

0 o

A (cleft)
917k

2N o At do mo i
o o> % 2

of Jo & Ho

ot o
o
f

A2 = Aol Fupre FaAde oy o
TAEA oaA == A=, Al-Amood
o} Lewis(1987)%= # 9] Fwx] el A &A1

10 Hz A2 =8 dZF0] $AFHoAE ut

o Sl
W, 78 A 2L Fukged] Augle]l whE
AxS wEGu Rudtdd. Kernel =
(1987)& a19Fo]e] WM ZZM [ 71Folyg

ol
“(peroneus longus)ol] il =
g AA 2= Al AF 7)ol =H A=
#E B a8y

e
A5 AW FE YL w0
=

3 sk
(Eken®} Gundersen, 1988; Westgaard®}
Lomo, 1988). Leterme® Falempin (1994)2
F717r2) A3 &= (chronic low frequency
stimulation: CLES)e] @4 10 Fd
H AR A ®Hstet A% o 5 3H(twitch

kinetics)S X €3}, Canon 5(1998)2 &4

=

3% % AV AFT ATl = 9%
xA554 WeE REdoz ngwvn
w g

@,

Appell(1990)2 %32 9] &40y FH
)

AZIE AARs] 9 A

F7vel 7] WA} (toe-spreading reflex)E A}
11(Sebille®} Bondoux-Jahan, 1980), 3
o && AAs] AMAE FHA = F
ol ZHE& A8 4 ArHGundersent
Eken, 1992). webA] 1HHA Q1 €5 2p=e €]

A HEE 2 gHe JwH g% 4EE @

4 dv AF7F PDH(Eberstein?  Pachter,
1986).

&+ Ee FASHES w45 A
kAl Eo| A (fiber-type-specific)ol]  ¢] &}

[e}
WA 3k (Jaspers€t Tischler, 1984). W& o
AR A-f(fast glycolytic [type al fiber)t} wi

=
2 2ba-AREs] Adf(fast oxidative-glycolytic



AR Ege) A ges) ) A9d Als
KAUTPT Vol. 9 No. 1 2002.

= 418t

A=
I EE o
Xt 5

[type TIb] fiber)7} A Z5H T}
f(slow oxidative [type 1] fiben)& St

ol E&A fFel Bs @o] K Chuit
Casleman, 1980; Unsworth 5, 1982). 181} o]
gk g 259 Ve dHEA AEE=
o], oA ZpHe S Z2e dnlg e s
(plantar flexor)< Z1&71ehH HHextensor digit—

orum longus) 22 513 (dorsiflexor) 2

o} EA 5 A A gL A48 THChuist
Casleman, 1980; Morey-Holton®} Wronski,
1981).

ol 4L 35357

slste] @179

A& A A (Hauschka %, 1988; Pierotti %,
1990; Thomason %, 1987), 183 7%
(D’Aunno 5, 1990), Edl =2 E%(Graham

5, 1989) & H44d % FHKirby T,
1992)& Alagt AFolA FEA 3 7FAy|
<o & FAS AY dAo] FEAQ 3 &
S Bz ok ??l'fé, Vogtmann ¥}
Asmussen(1990)2 35 259 A
3 E 77 EoF %A 38HHA g]%.g_ ASA T
}\}\v—*l% )\Z E/‘é gl

skt webA] fraE ﬂ]%l‘% st ok %E
slo] WAFRE = AF AT 7)ol
w2 zto] WEEL 7hzte] 3 WhH Sl A

H] 5 o] A of 7.

flo
mr 2

2 AT VM FETE Fo A4
7154 TEE a7, olYe had Y]
T AH ¥ EolA(fiber-type-specific)
S Holn, wjd FPH = A7 AFT A FH
A FHe St d42 o S Ay
s Rl a9E ZAaAZITE Belth

of Aol A WA HHL Fo Svy &
T Foll 7 FAel wE FolEtEe ©H
A 2 A vlEM A TS )] W 1
Ya e /g2 dvr e, TR,
AA Fotele sHAY A5 AEd &+ F
Aol wAe= 235 FYste Aotk 7 ¥l
A HA4L FHo vy A Fol FHA L,

L 24393 % 7713

2 Ao AAdst . o vdiet A
T AAEAAA AbsE AF 11~-1259 o
7l Sprague-Dawley & (&FFA: 161.11~
24725 g, W+t 20086 g) 1 F 48nkE A
sRkol AATistal ApAztetehel g et
ddEE AN A AT

19999 129 179 5-E 20008 39 547414

e

=

2. 4=

H4 WhHe McDonald 5(1993)e] < &)
potE mz A4 WHS VxR B AT
o A3l A FAsk, SgErt 437
7F = AW 2x gnE LA FE A
& FASESE SIATHE 1).

HA HAE oA HEIe=

fa

AAZ & mEle] H
4x8 cm A7|(FFExAR)9]
2= 3x6 cm A7|(FFEXAR)

Z(proximal) #
fEog Qi
o Ao 7haL




AR EEe] A Rsts A A9d Als
KAUTPT Vol. 9 No. 1 2002.

Ao 9% FdE AEFE
WS Bo T A7 nANE uAsgT A
o] A (cage)®] H7/ "Wl ZHolr
Eﬂo](

darelel Fel el F-#

10 em?! .49 =7

# p apda Asd AT Are

HE A SyS«STIMTM207V0] 1, A=e 5x1 cn =

)

NOrExAZ)2E AFe s, A5 52 A
AT Az owe v AME Aed ¢ SdYE

A5 ddste] slde7t drHEs FES g uz agaAY A 9gad d=2e n
13010210 222 woe we A AF YA

i, AlejA 9] EolE XA} 913
]

AANE A g ojgatel 14 W AA ¥ Q8 W=

em A7) (FFExAH R x=o])e] =

s A4 QA Alelel Wol ARAY. 1z on © g Sedn doo Awe
dolzAe] et AES ol8dte] AT ol mgens w2 T MR TS o] faA] Foly
g eAdges, A7k AN R LT nog nasgw, velel $49¢ WA
AS dws] siskel #dA2 S WAS o) ggiel wgne ogAM wE RAS
Agstel AolA % PolFelrh el el
W A% adde welel A R0 oay g2 gee 2ge Aun Fyo
@ dohgol AR TNA RN T o gqgme wydel FE %747 orce
= AW MU SRS ST BEl ansducer) A7 3L, S A A s
ol 54 el A givrel AhAE Al o nss dew 5 9= tex 27
= sl siEl aeel A5 e B (olygraph)el 2% MPIO0SWS2E A4
eSS fEstgle, mee € 2 & o eg AFee 2 AnE g
Flol fAd AmE g 2AS AW (59 5wy Aue) A Pl A=W
@ dehate] Hus 0. AAZ o NEE YA e ol 2
A7 S AdERA AES A AFE ao) wmxaze fxe A% 2 g9
ARE AMESElaL BEEE ST E AAT ) geiyA 3y 2479 adHA BF

A 7 (sciatic nerve)oll A=+& F&3lo] 1A

N7 F ANAFE Fo} 2ge] 5314

—1>

a9 2. A9 A% 2

&ttt AEAS Al 2=

FASA, ARV =T AlolA

W e flske] 2 (TR
1

ou], A7k AelA A g

>J

a9 3. 44 54 Al

* 1) Mettler Electronic® Co., USA, 1990.
o3 2 2) BIOPACK Systems, Inc., USA, 1997.

_22_



gl A 5884 A9 Alls
KAUTPT Vol. 9 No. 1 2002

o FEsdvi (s 4),(2%" 5).

A AF5st Fds fdaiA= AA Al
Zhek £ 2H-o] Ve F AEE EY =
4 (treadmil) & AFESFATHE7]: 40x80%20
cm[ﬂix*ﬂ xzol] Hu%E: 900 rpm, 7
—3%7]7} ek #e] srherto]
E ZERES o83 F
2L A Xﬂﬂﬁ}‘ﬁ ALgstdh =H 5
QoA mee] AwHS oyl
Ao mElE FoFAHLH 6).

ol
-

71 Al
o] -§-3}of
A3k, AAA & (Top
Loading Balance)¥g o]&3le] #Heo A S
o+ FAE SAHFATHE L&A £001 g). <)
stel ZZAAKS 27 (scanner) & o] &
ol & gAEA T 73 (soft imaging
system: SIS analysis®3.0)90] W&dH 94

A17](image analyzer)®] ROls (regions of
interests) 7]%2 01”9“'5}051 Folg|+e] 99
I A e R

el

=)
£ o)

2AANE oA
2

by ol
R
alo

(light microscope

npe F5PS

o m[o

&

4. 43 4

B ARbe AGR, dE Folv s Fol sl
do] AWe] 94 dEE A5E AHE #
A A 7

2% <l 2

A gkel, A7AT/EA Y o)

(V)
158 &9
R EE
Avon Urgon Eds

ANA=(AF, 20 Ho) S
. A AF/EdEREe
shels A

y
oo

ol
o

=z A9 @dstda, 4 FA
(intervention)+ 25 &<t 3t 23] 15%%
AFEAJE Aot 25 FeHF 45) Aol
2] ol A A4 whE AP, EdedT
= Shdto] AA A FEE uHEo 1A
T Frgvter F A¥EE EG=dolA
130 pme X2 AA S A7 A=
2 Al FALE 3urgd Al JEo g U
9151, FHtE F AAR g AdEyE 14
Fol g & 77k 2, 4, 6 volt o Ar=
A

3

o|

I Ji
ruE N

3) Nikon Co., Japan, 1990.
4) Denver Ins., Co., USA, 1985.
5) SIS soft imaging system, GmbH, Germany, 1993.

,23,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

A o5 F 487}
g FAeo wJE AHAERI(G~10
body weight, intraperitoneal)S FA}ale] #

g AN ¥ AY S 02% s

1 =TT

mg/kg

2E AL UuA ggEsEs A= Fol 3
B nAAZT WA IRS AAT F
TEANZE JAE gob AA A% 05x1
m A7 (FERxA RS AINAE AFS FF
& TS Ix]1 em Z7)(FFExAR)e] A
(AR v R BTl Fu 243 HA

Atk 2 8% Folg| 9] A< (Achilles
tendon)S W EZHFEH FE5a TEATES
A2 Fol MPI00SWSe| F3H 4718 o
A3} Fds FAAH
(sampling rate: 200 Hz sample/second, total
length: 5%). Z th& 22 thgle] FwAL/

W

$HY A%

Gt gty A 2s 47 22le)
o 22 Wyoes ZA43A

Fd 4 F 9 S sJu(@E:)E A
sl Folglts EET ¢ YEAIES A
2 Hxn Fux e 4 £ o= (origin) F

2

o
nitrogen)& AT WEE <459 M T
& RS Setoz s b WdE H
H7(-20 CT)E ol &3lA 5 m FAZ 4
W OAAS wEAT, 1 F MY 2 AES
Seto g MAsIA] 15~20709 %4 FES
HEAT 4 B2 G de WYE BEs

7} 22 RS FZZY H(coplin jar)ol] ¥
I incubating & (ATP, 0.1M glycine
buffer with 0.75M CaCl2, pH 9.4)& & &
1IAIZF 308 B9t 37 T &27]o A w-SAIA
o ¥s 3 SFFE 3~43 AFstn 2%
cobalt chloride &9 (Yakuri, Japan)2 % o]
Fo] 1AIZE &<k WhEAIAHT. 1 T ThA
SHTFE 3~43) M=A3sta, 10% ammonium
sulphide &% (Merch, Germany)ell ¥o] %3
o] AMow WAs= s Flgk 30
2= Eoll AAHs AFS vt
TS 2876 BT x50%, x60%, x70%,
x90%, x100%69] <F-2(Merch, Germany)el
TANE 27 38BH ggetal, AlgEA e
|70l 71 x80%, x90%, x100%2] xylene
(Duksan, Korea)o.2 7}z} 584 Fwslslq]
. FHst g &

4

off
H[o r _9‘
o

ML

cover glass®} permount



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

(Fisher Scientific, USA)Z

_‘6"_
Bo ARAA 24 EES sh

ARZL #Ag7Tel 23 BES Y2 OE
13x10 em 7| CFExA2)ZE #4F, 2354

o AstE ARREES 271Y(ScanJet 4200
C)HE ¢o] ¢ & Photoshop 5.0 £ZEY
of 2oz ok ¥d(nvert)AlAH 19

v Holl A7at3d
o zhzkel a9 9dS AR ZEad
(analySIS®R3.0) . & ¢jo] &1 F <& .7}
Z A, A, vk
S4H A ()2 A A (slow-twitch type 1
fibere} fast-twitch type I fiber)e] W&ES

=
(%)= SAsATHZH 8).

Soleus

/

GCM (med.)”™

GCM (at.)™™ "

sk GCM (lat.): 7+ w =]
R R
R AR RS
8. ¥4 Wy
248 AR} AFLEE s=Ae ofp
S 9 38 FHIEx-suaex HAY
(one-sample Kolmogorov-Smirnov test)S

Agatel BRI, 1 A% AFREE 8

6) Hewlett-Packard Co., USA, 1999.

A ggobA mlEa HAE 83l
A=dE, A7IAFE, A7As/Ededd
EESl R e

Fewtergyes wuds 4 Fel
Wyt AR Fohel, v, guAw

test) & AH8-3]
Fote]Loll A 24 T
2, A=, FA Aol -
o, 7zt FJdztel| zolE W-FEY
(Mann-Whitney test)S 38 th&, AAtd p
< v F(klk-11/2=10, k=513 cte]
FDE F3= A=Y 4 (Bonferroni’s
correction)& AR&3te] {2k Fo]lE Hol
= s s v (PortneyF Watkins,
1993). ©] AFelA TATH Fogds HA
3l7] 9late] Fol4F o 062 A3FATh

==
(LN
o,
aV)
)
1

%
Jo

(o}

0,

m. a3

2
Ho
(o]
p‘L
Aty
N
N
B
w
32
£
o
AN
o
9!
™
N

% gmA oA, W77
A el Aol e



=B A wots x| A9 Al
KAUTPT Vol. 9 No. 1 2002.

E 1. SAd e Fotele] @A W3t (1 mr)
ave edsaw aage ST aze o4 2
=5 == X D
(n=10) (n=10) (n=9) (n=9 (n=10) (N=48)
oh% AwA it 3401+4.15" 3524532 3483361 3681+7.33 52144732 3861#528 2369 .00
L2 n7hef
aa 615146  7.25+184  635+1.00 624:115 814+183 683179 1964 01
H o«
7hApw 193£28 22646  212+48  254+64  AM+143  266:132 2190 .00
Vg% WA 903+1.73 10764269  940+1.31  950:241 1153+290 10044234 1053 .02
TS A
E 2. A wE 259 guy wsle] {o4
- A71A=/
A5 Efeay AN AT T RS
G o[ & » o0o0O
Eyegd o e O
A7) AT v 0 OO
7145/
g & % 0O
Yoo obs gwA e O: FewstF
e [ 7hs gaAs
= FrEba o
Sgrstgsl 2
L I
a9 9. TA e FolE ©HEF
A S/EALH (p<.05), oL EF=H 2. 2483 22
wit A7IASs/EYEETe] o A 3 HAe T Ao me Folue 7oty
aE HAas & 7 oles YENT(™E 9. wsiz g Ay ooy gu & ool
A (2" 1003 Blaste] RE FA

,26,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

M
W

w3t
13),(z2" 14)°ll
=19

Som gat, - Soleus

GCM (med.)™

a8 10 HFRae 2 v
(ATPase, pH 9.4)

GCM (lat.) Soleus

GCM (med.)

I3 11 d¢ae &+ 9l
(ATPase, pH 9.4)
* GCM (med.): 9+&7dm=]

s FDS: eubyhehd o

=i

% GCM (lat.): 7}%& “FwA &
[SA: YAZEA S, WA A28 5]

~** Soleus

GCM (lat.) GCM (med.)”

— 0.1 mm

o

L

a3y 12.

Efgrdde] &+

(ATPase, pH 9.4)

GCM (lat.) S GCM (med.)

FDsS

0.1 mm

o

I3 13. A7 A= & g9l
(ATPase, pH 9.4)
* GCM (med.): ¢F&AgwA]

wx FDS: ¢eMbega
sk GCM (lat): 7} e

*xx Soleus

GCM (lat.)’ GCM (med.)”

a9 14 AVAE/EdedTe] & 9d
(ATPase, pH 9.4)
* GCM (med.): & Amx]

wx FDS: E2ub7lehy e &

sk GCM (lat.): 7FE WA <

3. 2 A vl&¢ Wst

Zh Fotge] WAMIEAF HES FTA
TE(@S5T, EdEdT, A7 AT, A7
F/EG=Ud)d ExES vud 4y
Z .7 Hux s, w7k
) B A fostAl F7HE A TH(p<.05)

27 -



SR EEe X 5832 A9A A5
KAUTPT Vol. 9 No. 1 2002.

E 3. FA e Folle] WA ZEHF v W (291 %)
v A
arr  mdzuz adedr T gze g
o5 IS 2 p
(n=10) (n=10) (n=9) (n=9 (n=10) (N=48)
OFZ: FukAt 09523148 9417376 94714250 94.21+2.08 93.64+1.02 94.39+248 656 .03
L2 n7het
[ 85.80+3.63 83.05+4.97 8243+406 81.32+4.14 80.04+493 82554438 1027 .02
H o w
ZpApv] 735+1.06 587t1.44 6301248 6.86+2.79  5.39+280 6.35+1.89 894 01
74E A 96.07+ 85 93.10+4.45  9378£1.04 94.24+151 9251+ 75 9394#252 729 .03
Wt+ R FAA
(& 3. g oA, EdrEdye F2uvtEg gt
ZFAo] wE 7 2SS0l Mg G B A, AVAZEL JpE g gouky)et
& Aol - F2 Dolry] Yato] Bz FIoA, ANAF/EdD=DES sii)
Y AW Bonferroni’s correction)& Algg & 7FE FuA oA WA f v o
A gz vaste] At BE ok foaA S7HE A THp<.05),(F 4).
B 4. A e 5 MAIEA S & wste] fo4
Az e I ANA=T A5 0z
Tl —Hl—==1 <l =L EE{]E“W’- Az
A5 o0 < °oou
Ed =T & O & o
A7 RS o
A7 A=/
EdEEE © < =
QbE k] O: &ty
O 7hApm O 74 e




Zjl—

HAl

<)

5|

[e]

T

(whole calf muscle) E.5ol A
25 AHP<.05),(F 5).

L
.

=

oA, HA7A=/EH

2|7 535+3] 7 A9d Als

KAUTPT Vol. 9 No. 1 2002.

3k
.E
v A
=
=z
ok
=
X

W ~ W =
o B AT S E a 8 8 8
Ty =W o 2w - -
N = o N © gy XORT X o S & B i
= K /o= = ol 2 o NE i Nd &
T o oM E ST By & - = o8 A
1..01_l\|/Eﬁ ~ X0 ~o o o) oV — =
Mﬁ o s . rH M&. — ] X Mo o X a ~ © ®
! .S ! 0 = T = )
o TR g 8T g T W z| 9 33
=~ 84X Vol gt om G o & &
T BN S U oA gl g €49
Py ST T T - - il g
- N =T i
MR Rl B wos| 3 g8 o
- = X ~ N =n M U e -~ oyl | ©
N §7 MR gl _XE = £ 2 & ¥
il mﬂkmoﬂhﬂ%ﬂ.%ﬂoﬂ:ﬂﬁ B -
MloWBJﬂ_o ﬁTLIATﬂﬁu%_l\).E_ =T = xQ
—m e E R R N Y Te 5| § & 9 R
= T & al o) bo < ~ F 1 Hoow o >
T T Dok 5 Gy vonr ]:]_ = 4 — 10 i m_m
T2 onlTgEYT ax HInT S8 5 8 | x |O
Zvaﬁu,w tm_w_qQMﬂﬂwww‘ﬂ ) ul = = T | = |O
ol D i3 i3l ™ = =)
ST sl s €3 7
eI -l WOE R W ~ £ 3 5 Z r
CHRR A Tawg | X g 8 7 S
0= g fo o % M R N DS
== g o7 F ] . X o _Z e
m_ﬂacﬂ_mﬂﬁau o) W o= gl IR I R ﬂm =
X 6oy or-l i - w — H J i ©
G (! W X M I S © N
AR aWT Bl . W)= &) & &g =
= rH M X = | wl & N G
T m o Ol oToNr — o]
0o ﬁi,._. ‘D| ° -~ 7E‘D| JL < Ne) EO
M N og S = X il B/ Ne < = 1XF = o —_ M Te) R il
i . S . ?
S ﬂdm&io_afr 5 L4 §& i | &
- ok 5 o B N X = B o wo= g = I W ks
X ) o5 do B g T -
= - zn @ P o o N ) )
S E T Ne® I S
EE: Z oy ook T 9T Mo =3 o g £
EgpwxiBr _ X %ﬁ%gmmﬂrﬁ cl = C R
Xeev¥92F Wi o®w) =| % | v ZTig = B
N e ER A TP R s g
I SUE s 12ECE s ®
W O MERET < N EFd i O SG BC
PHED R T M wow o wer N T

OO

Ot FpApu]

,29,

ORI
ORI

AA Fotel

A
AR
Efedy

AV




=B A wots x| A9 Al
KAUTPT Vol. 9 No. 1 2002.

3E0
E’ 00 F
E 250 | = -
KE 200
zn 150 | =+

izr
uio 100 F
A
o I
oo

a9 16. TA e F

T 7. FAN w2 Forele A s (&9 )
4 a ANA=S/
as dga EdETDT AT eguug DET A 2 o
(n=10) (n=10) (n=9) (n=9 (n=10)  (N=48)
kA 2/ a
e 1.01£.21 1.31£.16 11714 1.15£12  141+21 1.18+21 2688 .00
o h=s 04+.02 05+.01 07+.02 06+.02 0802  06+£02 866 .01
A Fobel 1.05+22  1.29+.17 11314 1.18+.14 1.51+£22 1.23t24 1423 .00
"t EF AL
w2, TR, AA Fetyd EFOlA 2 FuEA/EedrrerE s, Tk el A
SHA AE Y] HaE A4S F A FosA FAE AT p<05),(E 8)
2 YEhItHZE 16) i, eyt vlastel Edede g
A/ E2E7r e, A Forel el A,
5. & FA9 wsh ANAF TS A 2ol A, A7) A=/ Ed =
7 Zolu e & A= EATE(Rer, Sve BARIZAA 2 FAT folsa S
sdedy, A4S, ddF/edeay) JPEAFE). oRE BdsdE, A
3 gETe vwe Ax, g a/geny T, AVIAS/EHED] FopEtEol
g@alz shu e, A Eol(whole — A HAE Axs @ 5 &S dE
calf muscle) ZFolA foatA ragge  WMHHEH 17
(p<.05),(£ 7).
FAol whe 7 2g5e @ wAel Aol 6 FA mE = S4E W
g .22 ololmy] sl Rz 4 dF T IHHE M BE o+ 549 3
(Bonferroni's correction)& Al#g Az, o e B9 A= BA=dweger] e
273 waEle] 4o RE Zolg oo 28 AVAS/EAEED, AVAST £ o
A, Edewe spxiu) AF] Eopmare]  WTh ARSI 2 FAlCAM pAbwl o],
A, AAFEe guA/gewstegy T4 A4S AN 25 FopEeel d2
2, Al Felg el A, Al /Edegy T Vsl A5 & gad LS

|
w
(@]
|



z

| =23H3] 2] Al9d Al

KAUTPT Vol. 9 No. 1 2002.

K

!
N

e
B!

(ORI
O v
O v
o <

\

v

mJ
=
&
—_
N
O
mJ
R
yri
o
—_
N
el
o)) il
ol wY
ﬂ o
J

0
x M
R
o %
o >

Folal el T

=

—

Aol

=
K3

a4 17

g
U.E
2

]

REEE

AT

azel
-
M

o

\

oo v ©

OROIY

T
ﬂ.o
N
70
ze]
e
Hlo

L
T

Fo}e)

A A

A\

v

A
: 7FApE] 2

2
_ﬂ_

wjr

7}

5
T

ZpAtm) o]l e, F A

=
3

IR

o)
=)

N

s

R
o))

n

oy
T
=)
o)
jze)

wjr
1
ol
TR

o

,31,

7

A=/EH



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

1990; Booth®} Kelso, 1973; Fitts 5, 1986).
2 AFoAE 3 FHE 27 B dFAK
% 25 Fotd d4, Eded FH5E), A

5, 20 Hz, 2+ 165%), A7|A=/
(20 He, 7—} 154%/15%)2] F Aol
s ol &5
ol r.

N

4
o
4
ol
o
rl
g
o
N
T
o
¥
m#oﬂmﬁﬁlm
o £ oro = O X ju & 2 ¢

1=}
o
o
N HU lO r
©
Ay

(

Ko R [0
riﬁxim\mr-u
N

v t
P

Q >

Ho
flo

1o,
ol
s

2 2l orfoox ¥

)
)

R
ol

M
N
N
o
oX,
s
Y
2
09;,'4
(B o do o

o} o]e gt
RS 259 9
vl al k= Aol th(Appell, 1990; Awad

S, 1974; Margolis®} Baker, 1983). ¥

1= @5 F ¥gHA A= 259 55

545 vy st 52148 s A

(isometric tetanic tension)& 5

(Carvalho®} McKee, 1996), E# =7, A

A, A7IAS/Ed =t
FeL7teg T HAA Forel
Nz AR ghs B, 2 FEe

Aael w7k des

ox, X _ﬁr_t
o o L

¢

2 o Jm = 1o Hu of

_t
o)
2=
S
r
~

EL
o
i)
°

ZA43t7] 98l wol AlgH R
] 2A Y soe] dFHesA) dHeR
& Aol Al AT HIHe +5dd 4
(motor unit recruitment) #49F < - Hlvhe

=9 955 YE W (Booth, 1982; Fell &,
1985; Jaspers®} Tischler, 1984; Templeton
5, 1984; Witzmann 5, 1982). ¥ oA

1997). d+ & & 0% AFe <5 U]*ﬂ”
T':’r(myoﬁlament)gl Es
15 WA 5] 7R FEE
AL A o] HgS dog|y, SSuAT H &

SUAM e Fol Fhakol

ol wel o+ A o 2
&3 & he] o A

ES

5, 1993; Trump$} Jones, 1979) 5‘3“‘_& Al ZE
7

3 e
9] H&o] iAo

iy
g;
=

B

o

, 1995). o] AL

rr
N
N
)
ot
&
kil
o
1>

N
w0
lo
o2
Hox
o
to
Ho
EL>L o
Ho
=2,
>
=
=

2
ot
2
b )

=
r
Ho

o o,

o =

o o

rr

)

re
2R ol

r_e{_:
oy
LT
2 o

.
o 1=
QL
hy
olX
N
)
)
e
o

i

0 R
o
5
)

£

]_

4z
ol
oX,
iy
2 Ho

s 2L A
e wo

)
~
>
4
kil

c

N
> o oE aY
Nt B

Skl
Carvalho2} McKee(1996)2] 01]:}01]}\1 H-/] 7]’
221 17w W (extensor  digitorum
longus)S THAZTE Esto] 23817 9 alA
70 Vol AFA=2 15 Vo] aFA=S ALE-3)
ol

AR

gk WhitlockZ} Terjung(1987)2] <1+l

A 5%1 45 wFAFeR 6 VE, AFA
FOo2E 60~100 VE AMg3t9a, A9 &
FTAPE Fao AV|ASFE AlBEE Meyer

<} Terjung(1979)/] AT = 6~9 Vo
FATE ALEEAT. B Ao ojd o

Tl 7]zt A7A=FE A2 A F (7135
155, A% 2, 4, 6 V)o& yiro] 334l

,32,



2|7 535+3] 7 A9d Als

KAUTPT Vol. 9 No. 1 2002.

SENERE

e

A=

3]

om, dlzLd FAb

Rkl i A

54 9]

L
fu

ko3
T

G
Z}= (intermittent  high

frequency stimulation: THFS)¢] % &< wi

Carvalho®} Mckee(1996)

ol A

=i
=

EY=
thHE] 70.6%)3 7+

Zpm| () 27 tH] 57.2%) 9l A

(=t diHl 89.1%)°l A

)

A7 A/

L
L

(e}
A TS

N

i
3

W
]

oF

0
)
=
=

N
B/

Amayger Ededy @7z

ol

_?4

=
Eat=

ks

Fath. 22y, Eken® Gundersen(1988),

S

Ha

=
)

Apel M el

e
Ry

Henning @} Lomo(1987)2]

el

20 Wzl AFz AFsh B A

pi
e

T-oll A

AR Aol A

H] 100.6%), 7FAbm] (i Z=at 4] 108.9%) ¢l

&5 BvH(16.77%). =3 JhApu 2o

WOR R
il
=
op w
EogE
= w
WO_HE
N TR -
®
J
%;W
T P =
T X
!
© . K
= o Ne
o
= X oF
™
RS
o ™~
N TR R
M <k
e
e
o o
N o
= K
= o
N
-
B
W =
ol
.
WX @
Hok
™ ~
W oo W
Jo 5%
o N oKk

N

H] o 5 a1

el

o)
W
]
i
~o
o
e
o

o9 %)

7ha A

3]

[e]
g

F7b el e (T tie] 90.2%), ZRAR

(x|

1984).
$EFHH o R Lynch

%7
S, Luginbuhl

Luginbuhl

A= A71A=Tel,

74.7%)

2~
T

(1991)=

=%
(o)

%] o]
b RS

r

S

Kl

L
L

olg] (| Z thH] 90.0% )0 A

NAS/EY =Tl ATHE 5).

=
°©

I

Z] %

d

KN
=

(1984)

=N
[e)

(high intensity interval training)& AF&

™

"
Hlo

o)
i

T
jocf]

o<
o

G

]
B
el
o)
of

78

mJ

sl
o4

sihel o] GEA AT

L
.

Z|AS/EH =Tl 37}

© 0.8 MPH, AAME: 8%, A1z 10~30

yoll 7]

4r

]

i=]
RN

Z ] 92.9%), AA Folu (T Ul

=W, AT/ EY =Tl A

I

Bl

FE(E

o], ZFAW] (]
A7) A F ol A Tk

Jﬂ_

Gl
bl

]

Ey

87.5%)°ll A

H]  85.4%)0l 4]

Z7 Uy

1&, 54,

N

L
.

LHER R

& Aol g

9,]

,33,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

o,
N
B~
Gl

Bl A (Fell 5, 1985; Fitts
, 1986; Templton &, 1984)dl TAH3sto] =
TFollAE 22 d5 7IHE A9sHa

X7 717E Fo] HYP g
. Musacchia &(1983)< 1

=]

_OL

52

v

e e
o o Ay o off

O U (N N - S = -3
- o) <
T B F e QBT na i
T - T S TIR =
© o @ L
S o
o o
= o
2 ©
-
fo iy
Ao
N B
N
A
e
>
o

Horle

L

%] Axs 7w el 7bd o, g
A, AAAT o082 2 277 Folxvn
sttt ATedMe F 47 5 F U=
|

?_:]_:

Folelz, guAT/

SV R e wo® UEyth
T

K
rot
N
)
)
=)
rl
2
>
2
N
L
4
ot
&2
rlo
1

FAe RS dYedlleddEs i
87.5%), 7pAvlzol A7 kel A7|A=
o] ro] Hx3E A & 4 3lvk= Brown
5 (1983)% Seedorf =(1983)°] A+ Aot
Agt= Bojth. B Aol Ed=d
1A, AVNAF/Ed = Tol A A

[}

=S

’

S44re] nlgo] 7 A
MG v go] SUMEHAR S S YER
th(E 3). 39, Ariano 5(1973)2] dAFolA &=

H|&o] 16.0%FaL

25 5
A APHg Age

K<l
Aol 71Q1g Aom oAZITHFell 5, 1985).

A4

< HFH Fag HAedLe A F
T =4I A Ao, F(speices)ell wE
AE AAolvk & FAIS AdA A7), 2E
gl z~o] wel A vt g2oa skt
(Jaspers®} Tischler, 1984). m#|7} d<+¥
FHAe AsA 2Ed2E SAHIL o] ATt

g WA
steroid) ] 4|7} HolA
285 E4AZ
Z(urea)d AHEE
7] w ol 8o AA
5, 1977, & &

B ol A gk R] Lo

T2 ¥ FA~H E o] = (cortico-
o e o) s}
glom Ao <l Q&

o
:(,)g‘
Ay}
=
i)
o
>
oo
il
2
N

b
A =
& (negative nitrogen balance)S &
S

=
o 44 PA 9% ge F2A B
=
=

s
rlo
ofy
2
i
o,
g of\
r 0
M M oo N o #y fo

tF(Mercier %, 1999).
Aol o3 wA g

7t FAEE

=}
> [l ool
2
N
N
jg forle
o,
2T 23
N
D)
do 4l
~.
m
&

B
N
N
X9,
[o
o
2

,34,



ol

At H

Bl A E AT (p<05).

2|7 535+3] 7 A9d Als

KAUTPT Vol. 9 No. 1 2002.

o))

o
700

AN T A o] £7kE ATHp<.05).

Jo= ATPase® 79 F7Hdf(inter mediate

[DA] fiber, H45)e] &

.

ofg] dlxTET

o

=

71 <]

Ul

A el A

Fobel 2ol

L
i

3-9)

Fol A ALEElelR 2

PhApe)

o))
rH
il
i)

A71A=/Ed =R

ol A,

2F(muscle belly)

o =
=453

799

ot;

ZFAR] e

A7 A=/Ede=d a2

S
(p<.05).

A

=

o] lth wlA ol Q9EL

i

o]
e

Nfo

i
™

=
B

ol

X0
N
N
0

X

P

K

=71}

o] o]

=

[<)

7h €]

Ul

2225 A HH(p<.05).

ol A

Wkl X gollA & A

ol
H
Ul
Hl

A&

A

7FAH] el
7pAR] e

o

.

o] el A

2 o] ZF71E A cHp<.05).

(e

Folal o]
A7 AF/EY=d e
A BA S7HE A THP<.05).

Fote el M, A7 A=

ZFApE] 2, A
71 9]
THp<.05).

A,

4.

e =
FA T

), A71A

3

A=}
Run

A4, EYE=E(15
/15

20 Hz, 2+ 15
HskE

540

A
=
T,

L
T

A el A
), A7 A= (2L

X

Al b

ELN

-

A7 AT/

H, o

reieh ol

st Ml

=N

ZRApm ) AA Fote] e

o))

mJ

wjr

ol
o

23 7] (analysis

JhApu] ol Qo A

A7

FH] (MP100SWS),

il

!

vzl

X
N

il

il

o

)
==

S/EUNED Tl A ZhAbu] el ot

Hlo

ﬁ
A

,35,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

2 I Hor 2 HE o o do AN B
1o 2 ® oly N
N
)
=)
(o m
1o

k)
i
o
o

2
=

ol
ol
s
i)

FJ 4
o

o
S
et
poy
o,
e

]
)

Y
A

i
o
 Ax

Fd T AEAYE A
o T 23}
N7 el Beera
3] 7). 1995;28:39-57.
Fdd T YEAJEFe
Axvze] Feets AT
. 1993;26:297-305.
oA 949 &
o Glycogen I}A %ol &%
Aol WA= G oEAe s A
1988;22:63-77.
Al-Amood WS, Lewis DM. The role of
frequency in the effects of long-term

o
B

o

7
o)

i

4

o o>
Ny
o -

(o i
o
-z
o
ol

] X

=

2
off
o

™

oY
2
U AT R TR
olet
4

SE ol
S
ey
o

N
o

intermittent stimulation of denervated
slow-twitch muscle in the rat. ]
Physiol (Lond). 1987,392:377-395.

Alley KA, Thompson LV.
simulated bed rest and

Influence of
intermittent
skeletal
muscle fiber function in aged rats.
Arch Phys Med Rehabil. 1997;78:19-25.
Appell HJ. Muscular
immobilisation: A
Med. 1990;10:42-58.

weight bearing on single

atrophy following
review. ] Sports

Ariano MA, Armstrong RB, Edgerton VR.
Hindlimb muscle fiber populations of
five mammals. J Histochem Cytochem.
1973;21:51-55.

Awad EA, Ibrahim GA, Kottke F]J.
Structural and chemical changes in rat
muscle following tenotomy. Arch Phys
Med Rehabil. 1974;55:193-197.

Basford JR. Physical agents. In: DeLisa JA,
Gans BM. eds. Rehabilitation Medicine.
3rd ed. Philadelphia, Lippincott-Raven,
1998;483-503.

Baumann H, Jaggi M, Soland F, et al.
Exercise training induces transitions of
myosin  isoform subunits within
histochemically typed human muscle
fibers. Pflugers Arch. 1987;409:349-360.

Booth FW. Effect of limb immobilization on
skeletal muscle. J Appl Physiol
1982;52:1113-1118.

Booth FW, Kelso JR. Production of rat
muscle atrophy by cast fixation. J
Appl Physiol. 1973;34:404-406.

Brown WE, Salmons S, Whalen RG. The
sequential  replacement of myosin

subunit isoforms during muscle type

transformation induced by long term

electrical stimulation. J Biol Chem.
1983;258:14686-14692.
Buller AJ, Eccles, JC, Eccles RM.

Interactions between motoneurones and

muscles in respect of the characteristic

speeds of their responses. J Physiol
(Lond). 1960;150:417-439.

Canon F, Goubell F, Guezennec CY. Effects
of chronic low frequency stimulation
on contractile and elastic properties of
hindlimb suspended rat soleus muscle.
Eur J Appl Physiol. 1998;77:118-124.

Carvalho A]J], McKee NH. Simultaneous

,36,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

assessment of isometric forces in
fast-and slow-twitch muscles of single
rat hindlimbs in situ. Can ] Appl
Physiol. 1996;21:23-34.

Chui LA, Casleman KR. Morphologic analysis
of rat muscle fibers following space flight
and hypogravity. Physiologist. 1980;23
:S76-S78. Suppl.

D’Aunno DS, Thomason DB, Booth FW.
Centrifugal intensity and duration as
countermeasure to  soleus muscle
atrophy. ] Appl Physiol. 1990;69:1387-

1398.

Diffee GM, Caiozzo V], Herrik RE,
Baldwin, KM. Contractile and bio-
chemical properties of rat soleus and
plantaris after hindlimb suspension.

Am ] Physiol. 1991;260:C528-C534.
Dohler KD, Gartner K, von zur Muhlen A,

Dohler U. Activation of

pituitory, thyroid, and adrenal gland in
Acta

anterior

rats after disturbance stress.
Endocrinol. 1977;86:489-497.

Eberstein A, Pachter B. The effect of elec-
trical stimulation on reinnervation of
rat muscle: Contractile properties and
endplate morphometry. Brain Research.
1986;384:304-310.

Eken T, Gundersen K. Electrical stimulation
resembling activity:
Effects on denervated fast and slow rat
muscles. J Physiol (Lond). 1983;402:6561-669.

normal  motor-unit

Fell RD, Gladden LB, Steffen JM,
Musacchia X]J. Fatigue and contraction
of slow and fast muscles in

hypokinetic/hypodynamic rats. J Appl
Physiol. 1985;58:65-69.

RH, Metzger DA, Riley DA,
Unsworth BR. Models of disuse: A
comparison of hindlimb suspension and

Fitts

immobilization. J Appl Physiol. 1986;
60:1946-1953.
Gardetto PR, Schluter JM, Fitts RH.

Contractile function of single fibers
after hindlimb suspension. J Appl
Physiol. 1989;66:2739-2749.

Goldberg AL, Goodman HM. Relationship
between cortisone and muscle work in
determining muscle size. ] Physiol
(Lond). 1969;200:667-675.

Goldspink DF. The influence of immobilization
and stretch on protein turnover of rat
skeletal muscle. J Physiol (Lond). 1977;
264:267-282.

Gorza L, Gundersen K, Lomo T, et al
Slow-to-fast trans—formation of dener—
vated soleus muscles by chronic
high—frequency stimulation in the rat.
J Physiol (Lond). 1988;402:627-649.

Graham SC, Roy RR, West SP,

Exercise effects on the

et al.

size and
metabolic properties of soleus fibers in
hindlimb-suspended rats. Aviat Space
Environ Med. 1989;60:226-234.

Green HJ, Klug GA, Reichmann H, et al
Exercise-induced fibre type transitions
with regard to myosin, parvalbumin,

retinaculum  in

Pflugers Arch.

and  sarcoplasmic
muscles of the rats.
1984;400:432-438.

Grindeland RT, Fast M, Ruder M, et al
Rodent body, organ, and muscle weight
responses to seven days of microgravity.
Physiologist. 1985;28:375.

Gundersen K, Eken T. The importance of
frequency and amount of electrical
stimulation for contractile properties of
denervated rat muscles. Acta Physiol
Scand. 1992;145;49-57.

Hauschka EO, Roy RR, Edgerton VR.

,37,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

Periodic weight support effects on rat
soleus fibers after hindlimb suspension.
J Appl Physiol. 1988;65:1231-1237.
Henning R, Lomo T. Effects of chronic
stimulation on the size and speed of
long-term denervated and innervated
rat fast and slow skeletal muscles.
Acta Physiol Scand. 1987;130:115-131.
Hikida R, Gollnick P, Dudley G,

Structural and metabolic characteristics

et al

human skeletal muscle following 30
days of simulated microgravity. Aviat
Space Environ Med. 1989;60:664-670.

Jaspers SR, Tischler ME. Atrophy and
growth failure of rat hindlimb muscles
in tail-cast suspension. J Appl Physiol.
1984;57:1472-1479.

Kernell D, Eerbeek O, Verhey BA, Donselaar
Y. Effects of physiological amounts of
high- and low-rate chronic stimulation
on fast-twitch muscle the cat hidlimb:
1. Speed-and force-related properties. J
Neurophysiol. 1987;58:598-613.

Kirby CR, Ryan M], Booth FW. Eccentric
exercise training as a countermeasure to
non-weight-bearing soleus muscle atrophy.
J Appl Physiol. 1992;73:1834-18%.

Klitgaard H, Marc R, Brunet A,
Contractile properties of old rat mu-

et al

scles: Effect of increased use. J Appl
Physiol. 1989;67:1401-1408.

LeBlanc A, Marsh C, Evans P, et al. Bone and
muscle atrophy with suspension of the
rat. ] Appl Physiol. 1985;58:1669-1675.

Leterme D, Falempin M. Compensatory
effects of chronic electrostimulation on
unweighted rat soleus muscle. Pflugers
Arch. 1994;426:155-160.

Lomo T, Westgaard RH, Dahl HA. Contractile
properties of muscle: Control by pattern of

muscle activity in the rat. Proc R Soc
Lond B. 1974;187:99-103.

Luginbuhl AJ, Dudley GA, Staron RS. Fiber
type changes in rat skeletal muscle after
intense interval training. Histochemistry.
1984;81:55-58.

Lynch GS, Stephenson DG, Williams DA.
Endurance exercise effects on the
contractile properties of single, skinned
skeletal muscle fibres of young rats.
Pflugers Arch. 1991;418:161-167.

Magolis RN, Baker JH. Ultrastructral and
biochemical changes in rat soleus
muscle following tenotomy. Anat Rec.
1983;206:239-245.

Max SR, Mayer RF, Vogelsang L. Lysosomes
and disuse atrophy of skeletal muscle.
Arch Biochem Biophys. 1971;146:227-232.

McDonald KS, Fitts RH. Effect of hindlimb
unweighting on single soleus fiber maximal
shortening velocity and ATPase activity. ]
Appl Physiol. 1993;74:2949-2957.

Mercier C, Jobin J, Lepine C, Simard C.
Effects of hindlimb

contractile properties of young and old

suspension  on

rat muscles and the impact of electrical
stimulation on the recovery process.
Mech Ageing Dev. 1999;106:305-320.
Meyer RA, Terjung RL. Differences in
ammonia and adenylate metabolism in
contracting fast and slow muscle. Am
J Physiol. 1979;237:C111-C118.
Morey-Holton ER, Sabelman EE, Turner
RT, Baylink DJ. A new rat model
simulating some aspects of spaceflight.
Physiologist. 1979;22:S23-S24. Suppl.
Morey-Holton ER, Wronski TJ. Animal
models for simulating weightlessness.
Physiologist. 1981;24:5S45-548. Suppl.
Musacchia X]J, Steffen JM, Deavers DR. Rat

,38,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

hindlimb muscle responses to suspension
hypokinesia/hypodynamia. Aviat Space
Environ Med. 1983;54:1015-1020.

Ohira Y. Jiang B, Roy RR, et al. Rat soleus
muscle fiber responses to 14 days of
spaceflight and hindlimb suspension. J
Appl Physiol. 1992;73:551-S57.

Pachter BR, Eberstein A. Endplate postsynaptic
structure dependent upon muscle activity.
Neurosci Lett. 1983;43:277-283.

Pierotti DJ, Roy RR, Flores V, Edgerton VR.
Influence of 7 days of hindlimb suspension
and intermittent weight support on rat
muscle mechanical properties. Aviat Space
Environ Med. 1990;61:205-210.

Portney LG, Watkins MP. Foundations of
Clinical Research: Applications to practice.
Connecticut: Appleton & Lange. 1993.

Roy RR, Bello MA, Bouissou P, Edgerton
VR. Size and metabolic properties of
fibers in rat fast-twitch muscles after
hindlimb suspension. J Appl Physiol.
1987,62:2348-2357.

Schimrigk K, McLaughlin J, Gruninger W. The
effect of electrical stimulation on the
experimentally denervated rat muscle.
Scand ] Rehabil Med. 1977;9:55-60.

Sebille A, Bondoux-Jahan M. Effects of
electric stimulation and previous nerve
injury on motor function recovery in
rats. Brain Research. 1980;193:562-565.

Seedorf K, Seeborf U, Pette D. Coordinate
expression of alkali and DTNB myosin
light chains during transformation of
rabbit fast muscle by chronic stimulation.
FEBS Lett. 1983;158:321-324.

Stevens L, Mounier Y, Holy X, Falempin M.
Contractile properties of rat soleus muscle
after 15 days of hindlimb suspension. J
Appl Physiol. 1990;68:334-340.

Taylor AW, Noble EG, Cunningham DA, et
al. Ageing, skeletal muscle contractile
properties and enzyme activities with
exercise. Med Sport Sci. 1992;37:109-125.

Templeton GH, Padalino M, Manton J, et
al. Influence of suspension hypokinesia
on rat soleus muscle. J Appl Physiol.
1984;56:278-286.

Thomason DB, Booth FW. Atrophy of the
soleus muscle by hindlimb unweighting.
J Appl Physiol. 1990;68:1-12.

Thomason DB, Herrick RE, Surdyka D,
Baldwin KM. Time course of soleus
muscle myosin  expression  during
hindlimb suspension and recovery. J
Appl Physiol. 1987;63:130-137.

Tomanek R]J, Lund DD. Degeneration of
different types of skeletal muscle fibers:
1. Denervation. J Anat. 1973;116:395-407.

Trump BF, Jones RT. Diagnostic Electron
Microscopy. New York: John Wiley &
Sons Inc., 1979.

Unsworth BR, Witzmann FA, Fitts RH A
comparison of rat myosin from fast and
slow skeletal muscle and the effect of
disuse. J Biol Chem. 1982;257:15129-15136.

Vogtmann M, Asmussen G. The recovery
of contractile properties of the soleus
muscle after suspension hypokinesia

performed in young growing rats.
Ergebn Exp Med. 1990;53:267-271.

Westgaard RH, Lomo T. Control of
contractile properties within adaptive
ranges by patterns of pulse activity in
the rat. J Neurosci. 1988;8:4415-4426.

Whitlock DM, Terjung RL. ATP depletion
in slow-twitch red muscle of rat. Am
J Physiol. 1987;253:C426-C432.

Witzmann FA, Kim DH, Fitts

Hindlimb

RH.

immobilization: Length and

,39,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

contractile properties of skeletal muscle.
J Appl Physiol. 1982;53:335-345.

,40,



gl A 5884 A9 Alls
KAUTPT Vol. 9 No. 1 2002

3=
A2 FEY = 549 W3 ARE
E 10 Ao wE Folare wwA M3 (2905 )
e 2V 4V 6V A ,
2% (n=3) (n=3) (n=3) (N=9) b
or& AuwA] 34.67+4.46 35.69+4.21 34.63+3.91 34.83+3.61 467 46
B A= R 6.24+1.56 6.67£2.92 6.21+2.12 6.35+1.00 200 .8
PR 2,62+ .48 112¢26 1824158 212¢48 733 20
7V A 026£212 9726254 912192 940¢131 726 %5
"o 2 4
11 A% mE Foleloe] WA s ue W (&9]: %)
Ae 2V AV 6V A )
% (n=3) (n=3) (n=3) (N=9) xoP
ot AmA] 95.62+2.17% 93.24+3.27 94.52+6.21 94.71+2.50 .73 08
GF2ut gy sl 2 81.66+2.24 83.57+2.52 82.12+2.68 82.43+£4.06 467 46
7} Apn & 6.29+1.27 6.44+2.65 6.32+1.78 6.30+2.48 362 62
7}& Am A & 92.82+2.24 94.02+£1.02 93.24+ 98 93.78+1.04 452 5l
e
12 BEo] 42 Folge SHA 2% A wa (291 ng)
e 2V 4V 6V 7 ,
2% (n=3) (n=3) (1=3) (N=9) xob
obz A i/ .
orowl}ere) 244.4+14.2 272.6+15.3 249.6+18.9 256.4+17.3 5.92 o)
7}A}m] 2 26.26155 29.44+7 .2 29.56+6.9 28.7+6.5 442 72
AA| Foly & 2742115 265.7+13.6 252.6+149 264.8+14.4 6.56 44

,41,



d=dtwe| AR A A9 Als
KAUTPT Vol. 9 No. 1 2002

% 13 Awo] g Folare T W (29 g)
5 2V 4V 6V A )
2% (n=3) (n=3) (n=3) (N=9) P
otz gty .
ok ol rlet g E o 1.26+.24 1.19£.11 1.05+.27 1.17+.14 221 &2
7FApun) 2 06£.03 08+.02 07£.02 07£.02 244 81
AA Folgl 1.21+.29 1.07+£.12 1.12+.26 1.13+.14 335 6

,42,



